Measurement and Numerical Modeling of Railway Wheel Noise and Vibration by Weisz, Michal
Measurement and umerical Modeling of Railway 

















































































































The presented PhD. project gives a picture of the extensive research of dynamic 
properties of railway wheel. The aim of the experiments that were described was to obtain a 
comprehensive overview of the modal and acoustic properties of railway wheel and its 
behavior when the harmonic signal excitation was used. During the solution of individual 
tasks were used both standard methods and measurement techniques and in many cases 
completely new technical experiments derived on the basis of needs of solved problem. The 
results and in particular tried and tested procedures should then be applied to other types of 
railway wheels and wheelsets. 
 The experiments on the railway wheel were started by the solution of 
experimental modal analysis. Main aim of the experimental modal analysis was to obtain 
natural frequencies mode shapes of vibration of railway wheel and finally damping the of the 
individual mode shapes. In the focused frequency range, which was chosen with regard to the 
significance of individual acoustic behavior of mode shape, it was found 35 of mode shapes 
of vibration that could be classified according to [9] as radial or axial. For these mode shapes 
set were further procedure selected a total of 13 custom mode shapes of vibration, which 
according to the acoustic response during excitation were sign like acoustically strong. In next 
step were build a mathematical model of railway wheel for solving modal FEM analysis. 
Finite element model was prepared to a very good compliance with the data from experiment. 
Comparison of natural frequencies and mode shapes obtained experimentally on a railway 
wheel and the finite element method on a mathematical model is presented in the appendix of 
this thesis. In the focused frequency range the error found in the natural frequency of any of 
the mode shape does not exceed value of 8%. Only in cases of mode shapes with frequencies 
below 100Hz some errors were attained, which necessarily follows from the divergence of the 
boundary conditions of the mathematical model and the measured rail wheel. The role of 
experimental modal analysis would be useful if further research to test the excitation using 
dynamic shaker with higher power level and use of multi1channel data acquisition system in 
order to reduce the time required to measure a railway wheel. Undoubtedly use of the Pulse 
Reflex application, which began at the Department of Mechanics VŠB1TU Ostrava use, will 
positively effect processing of measurement data. 
 The experimental part of the thesis continues by the solution of harmonic 
analysis of railway wheel. Performed harmonic analysis exploring the possibility of excitation 
of railway wheel on the natural frequencies identified in the experimental modal analysis and 
presents several possibilities leading higher accuracy level. 
  Harmonic analysis is performed for individual harmonic excitation force, and 
in several specific directions. Result sets were divided according to those directions. A very 
useful tool in verification process of natural frequencies of the railway wheel is echo method. 
This developed method is based on monitoring the behavior of the frequency spectrum at the 
current linear averaging. If necessary the echo method enlarges accuracy of value of the 
measured natural frequency in a tolerance of less than + / 1 0.1 Hz. In the final part of the task 
of harmonic analysis is performed a detailed analysis of the properties of railway wheels in 
terms of damping. Also the question of splitting of mode shapes is discussed. There are also 
described the problems arising from the determination of the damping in cases of the split 
mode shape and designed solutions resulting of errors. In relation to the results of harmonic 
analysis of railway wheel a mathematical model was completed by correct value of damping. 
Again was performed a successful comparison of experimental data with the results of 
simulations. Future steps in the field of harmonic analysis will be the measurement of railway 
wheel mounted by the noise dampers. 
 Acoustic measurements were started by measuring the acoustic holography 
using Beamformig method. Measurement was successfully demonstrated that the excitation 
effects are for the focused frequency range sufficient, audible speech is clear, unambiguous 
and well measurable. For each measurement was dominant source of noise always railway 
wheel. Noise maps from measurements and visualized mode shapes were similar above 
expectations. Bemforming method was used with no previous experience with very good 
result. It was found to be very useful. 
 The main aim of the acoustic measurements was to design procedure for the 
assessment of the effectiveness of installed noise dampers. The first step is design of the 
experiment according to [19] leads to the determination of the sound power level. 
Preferably, there are established standards for unit excitation power, which greatly 
improved the comparability of results. In the final part of the acoustic analysis of railway 
wheel were formed simple equations for calculating the power efficiency of the noise damper 
and the whole procedure is practically tested on the example of the damper plate with very 
good results. It can be assumed that in view of further research should be acoustic 
measurements realized very often. Another step should prepare measurement technique for 
excitation in radial direction and for generating a narrow1band noise signal. Importance of 
rotational symmetry is also pondered, which would significantly save time required to 
measure a single sample. A number of steps have already been taken in the preparation of 
automated scanning probe measurement of sound intensity. 
 

 Contribution for Science and Industry 
Contribution for field of the Applied Mechanics, based on the results of this work is 
mainly in the design and implementation of large1scale practical tasks, acoustic measurement 
and measurement of the dynamic properties of the mechanical structure. The product of this 
thesis is among other things a detailed description of the procedures and measurement 
techniques leading to the experimental build of railway wheel’s noise maps and the power 
efficiency of noise dampers. In the region of the acoustic analysis this thesis brings 
knowledge from available sources, which formulate solutions only in general terms, to the 
very specific application. Although the measured object was railway wheel, the proposed 
sequences can be easily applied any in other structures. During the acoustic analysis was 
compiled several original software applications for processing of large result files according 
to ISO standards. For additional contribution can be considered successful management task 
of acoustic holography measurement, which was at VŠB1TU Ostrava performed for the first 
time and in relation to this fact was established very good cooperation with experts from VUT 
Brno. In the field of vibration measurement is an important contribution design of the echo 
method, which is particularly suitable for precise localization of resonances in mechanical 
structures with a long reverberation time. The echo method is very useful in application where 
there is a need to increase the accuracy of the values of natural frequencies above the 
resolution of the used FFT analyzer. The echo method allows obtain the values of natural 
frequencies of structures measured up to ten times more accurately. The thesis also described 
in great detail a completely new procedure for the detection of spitted mode shapes and 
presents practical examples in concrete results. 
 In a broader sense, contribution is in proposed technique of step by step 
adjustment of the mathematical model in relation to the realized experiments. Also using a 
variety of measurement techniques where some of them are quite uncommon. The presented 
thesis undoubtedly finds its application in solving similarly difficult tasks in the field of 
experimental mechanics. Although the experiments are coupled, it is possible to apply them to 
specific technical tasks individually. 
 In another step should be mathematical model spread by the boundary element 
simulating the boundary condition of free acoustic field [11], [12]. 
 Spreading of the mathematical model with boundary element reinforcement and 
solution of problem of the shared fields on such a mathematical model is clearly subject to 
further development of the presented topic, which is completely in line with current 
requirements of engineering practice. 
 




